SUMMARY
Sources of variation in Finnish Landrace and Targhee birth weights from pregnancies following natural matings and intra-breed, inter-breed and 2-breed embryo transfers were studied. Birth weights were recorded on 94 lambs from naturally mated ewes and 117 transfer lambs. Two analyses were done, one on observed weights, and one on deviations of observed weights from weights predicted from litter size and donor and recipient mature weights. The prediction equation removed effects of litter size on birth weight. Ewe lambs born following natural matings were lighter at birth than ram lambs; however, sex was not a significant source of variation in birth weights of lambs following embryo transfer. Targhee lambs born to Finn cross ewes were smaller (P<.05) than Targhee lambs born to Targhee ewes (4.5 vs 5.7 kg for singles and 3.0 vs 4.2 kg for twins). Finn lambs had similar birth weights whether born to Targhee ewes or Finn cross ewes. Birth weights of transferred Targhee lambs were related (P<.01) to donor ewe weight. Gestation length was a significant source of variation in observed birth weight in all groups except naturally mated Finns.
Targhee lambs weighed more at birth than predicted on the basis of mature weight, either in naturally mated ewes, or following transfer to Targhee ewes. Finn lambs weighed less than predicted on the basis of mature size, regardless of recipient breed. These differences were reduced by adjustment for gestation period.
Targhee Iambs carried by Finn cross ewes
INTRODUCTION
Birth weight is an important trait in livestock. The weight should be small to avoid dystocia and excess fetal demands on the mother, yet large enough for survival of the young under normal management conditions. With more than one young per parturition the risk of dystocia due to large fetal size is reduced but problems due to total fetal weight and to individual birth weights too low for survival in a normal environment become greater. For economic reasons there is an increased emphasis on multiple births in sheep, which may eventually be extended to cattle.
The Finnish Landrace breed of sheep is characterized by large litter size and by high survival rates, especially in crosses (Dickerson, 1977) , in spite of small birth weights relative to other breeds (Donald et al., 1970) . Part of this smaller size at birth is probably due to shorter gestation period. In studying breed effects, it is important to identify the effects of genotype of the mother and of the fetus, since both affect gestation period and birth weight (Dickinson et al., 1962; Bradford et al., 1974) . Embryo transfer is a useful technique for separating the effect of the two genotypes.
We report here the results of an embryo transfer experiment utilizing sheep of the Finnish Landrace breed and of two strains of Targhees to study effects of mature size, gestation period, litter size and sex on birth weight. To provide more critical evidence on 298 JOURNAL OF ANIMAL SCIENCE, Vol. 48, No. 2, 1979 the effect of gestation period, pregnancies containing lambs of both breeds as well as intraand inter-breed transfers were included.
MATERIALS AND METHODS
Data were recorded on 211 lambs from Finnish Landrace (Finn) and Targhee sheep. Ninety-four lambs were born to hand-mated ewes (designated subsequently as "natural lambs") and 117 lambs were born as a result of intrabreed and interbreed embryo transfer. Naturally mated Finn ewes were either purebred or 7/8 Finn and were mated to purebred Finn rams, making the resulting lambs purebred or 15/16 Finn. Naturally mated Targhee ewes were all from a closed line selected for heavy weaning weights for 15 years (W) and were bred to rams of the same line. The origin of this line and of line C mentioned below was described by Osman and Bradford (1965) . Three types of donor ewes produced the embryos for transfer: purebred Finn, 7/8 Finn, and W Targhee. Five purebred Finn and eight W Targhee rams were used. There were approximately equal numbers of 7/8 and purebred Finn ewes; they were considered as one group (F) in the analyses. Recipient ewes were of three types: an unselected closed line of Targhees (C) from the same base population as line W, 1/2 F-l/2 W, and 3/4 F-1/4 W. These groups were chosen for the following reasons: 1. Targhees and Finns are known to differ by several days in gestation period (Glimp, 1971; Bradford et al., 1974 Cunselected control strain; mature ewe weight = 68.9 -+ 1.1 kilograms.
dl/2 or 3/4 Finn, rest Targhee; mature ewe weight = 69.1 -+ 1.7 kilograms.
ing to estrus) continuing into October. Cronolone impregnated intravaginal pessaries (G. D. Searle and Co.) were used to synchronize estrus in donor and recipient ewes. Donor ewes were superovulated with 1,200 IU pregnant mare serum gonadotropin (PMSG) and mated to purebred rams of their respective breeds. The ova were collected surgically, 72 to 96 hr postmating, and were transferred surgically to a recipient ewe in estrus at the same time or within 12 hr of the donor ewe except for a very few differing by 24 hours. The collection and transfer procedures used were similar to those described by Hunter (1956) and Bradford et al. (1974) ; Tissue Culture Medium-199 (GIBCO) was used as the flushing and storage medium. Embryos at the eight-to 16-cell stage were transferred at a rate of two (26 recipients), four (30), or six (22) to the uterine horns of recipient ewes. The transfers were "intrabreed" (W to C, F to Fx), "interbreed" (W to F X, F to C) or "mixed" (W + F to C or Fx). In the last category, the four-egg transfers consisted of one embryo of each breed in each horn; the six-egg transfers were distributed two F, one W and two W, one F to the two horns. Gestation period in recipient ewes was calculated as the time from donor mating to recipient lambing. Weight of the ewe at mating was used to estimate mature equivalent weight for the data analyses. Ewes in the experiment ranged in age from 1.5 to 6.5 years at mating (2 to 7 years at lambing). Weights of ewes taken at 4.5, 5.5, or 6.5 years of age were not adjusted, and breeding weights from 1.5, 2.5 and 3.5 year-olds were adjusted multiplicatively.
The lambing season extended from January through March 1976. Number, breed and sex of lambs were recorded at birth, and birth weights were recorded to the nearest .1 kg within 12 hr of birth. Because of the interbreed and mixed breed transfers, lambings were watched closely by an experienced shepherd to ensure correct parentage identification. Data from live born lambs only were used in the analyses; this excluded only three lambs.
The distribution of lambs born according to litter size, sex, and recipient breed is presented in table 2. The number of lambs from onebreed and two-breed transfer pregnancies is presented in table 3.
A formula derived by Dickinson et al. (1962) and modified by Bradford et al. (1974) predicts lamb birth weight based on donor and recipient mature equivalent ewe weights and litter size. The equation used to predict a weight for each lamb in this study was: Observed birth weight and deviated weight (predicted weight -observed birth weight) were analyzed by least-squares procedures (Harvey, 1960) . The statistical model for birth weight was:
(R-R) + B3 (G-C,,) + eijkl where : Y = observed birth weight or deviated weight in kilograms. I i = effect due to i th litter size, i= 1-4. sj = effect due to jth sex, j --1,2. rk = effect due to k th recipient brced, k= 1,2. B I = partial regression of birth weight on donor weight. I~;2 = partial regression of birth weight on recipient weight. B.~ = partial regression of birth weight on gestation length. D = mature donor weight (kilograms), with mean I). R = mature recipient weight (kilograms), with mean R. (; = gestation length (days), with mean ~--. c = error (remainder). When analyzing data from natural matings, breed of recipient and regression on donor weight were omitted from the model. Individual sire was included in the model initially, but then deleted since it did not contribute significantly' in any of the analyses of obscrved or deviated birth weight.
The prediction equation, formula 1, does not take gestation length into account. Since gestation length differed significantly between breeds, the prediction equation was revised to incorporate this variable. According to Koong et ai (1975) , fetai growth is exponential, and observed and predicted birth weights werc thcrcfore adjusted exponentially. It was estintated from these data that lamb birth weights increased an average of 3% per day of increase in gestation length. The adjusted prediction equation became: I;ormula 2a (G-148) . 
RESULTS AND DISCUSSION
Mean ewe weight, observed and predicted birth weight, deviated weight, and gestation period within breed and type of pregnancy are presented in table 4. Observed and predicted birth weights were less for F than for W lambs in both natural and transfer births. The prediction was more accurate in transfer lambs than in lambs from natural mating as seen from the deviated weight. The similarity of recipient weights for lambs of the two donor breeds indicates satisfactory randomization of the recipient ewes. The gestation length for natural Finn lambs was nearly 10 days less than for natural Targhees, with the gestation period for transfer lambs intcrmediate between the gestation periods for the two naturally mated groups. The value of 10 days is an overestimate bTransfers.
of the true breed differences, because of differences in litter size. The means from all transfer pregnancies in this experiment, adjusted for litter size, indicate a mean difference between Targhee and Finn lambs of 5 days (Bradford et al., 1976) , very similar to the breed difference recorded in this flock in the previous year and presented in the preceding section.
Observed birth weights according to type of pregnancy and litter size are presented in table 5. The analysis of variance of observed and deviated (predicted -observed) birth weights is presented in table 6. The birth weight data were analyzed separately for each breed of lamb and for natural and transfer pregnancies.
Litter Size. The effect of litter size on birth weight has been reported to be partially dependent on nutritional status of the ewe (Wallace, 1948; Bradford, 1972) in that poor nutrition can increase the effect of litter size on birth weight. All ewes in the present study were on a high plane of nutrition throughout the breeding season and during pregnancy, as evidenced by a mean gain of ewes which lambed, from prebreeding (July 14) to 5 weeks before the first lambing (Dec. 2), of 7.0 kilograms. The ewes were not weighed again prior to or immediately post lambing, but the plane of nutrition during late pregnancy was actually increased over that which produced the above gain during early pregnancy. This should have minimized any nutritional effect on birth weight acting through litter size.
The gestation length according to litter size and the effect of litter size on birth weight are shown in table 5; birth weight of lambs from multiple births as a proportion of single birth weight is also included.
Twin lambs in the different groups in this experiment averaged 65% to 89% the weight of corresponding singles, with the average (78%) being in good agreement with the average value of 82% as summarized by Hinkelman (1977) and with the value of 78% predicted by Formula 1. Both the extreme high and low values shown in table 5 can be explained at least in part by differences among the groups in gestation period, as can variation in relative birth weights among the triplet and quad groups.
From the analyses summarized in table 6, litter size was a highly significant source of variation in observed lamb birth weight for Targhee natural lambs and both Finn transfer and natural lambs. The variation in observed weights due to litter size was removed in the analysis of deviations in all cases except for the Targhee transfer lambs.
Sex. The effect of sex on birth weight of lambs from natural matings (table 7) was consistent with that of previous studies reviewed by Hinkelman (1977) where female lambs were lighter than males, weighing between 80 and 103% as much as males at birth, with an average of 92%. In the present study Finn females born from natural matings weighed 88% as much as males while Targhee females weighed 91% as much as males at birth.
The effect of sex on birth weight of transfer lambs was negligible. Female Targhees weighed 96% and female Finns weighed 99% as much as males (table 7) . The most plausible explanations of this result are small number sampling error, and a reduced sex difference with increasing litter size as discussed by Bradford et al. (1974) .
Since sex was not included in the prediction equation, use of deviation of predicted from observed birth weight rather than actual weight did not change the sex effect (table 6) .
Recipient Breed. The data provide a comparison of birth weights of W lambs in W, C, and F X mothers, and of F lambs in C, F x and F mothers (table 5) . W lambs were only slightly lighter (.1 kg for singles, .2 kg for twins) in C than in W dams. However, they were .4 to 1.2 (avg .9) kg lighter from F X than from C mothers, in comparisons within litter size and type of pregnancy (one-or two-breed). This was reflected in a significant effect of recipient breed on both observed (P<.05) and deviated (P<.01) weights of Targhee transfer Iambs. In contrast, F lambs differed little (-.1 to .4, avg .1 kg) in C as compared to F X mothers, and the effect of recipient breed was not significant in the Finn transfer lamb data. However, F lambs were .3 to .9 (avg .6) kg lighter in F than in F x dams. Collectively, these observations suggest the following: FX (but not F) ewes permit F lambs to express their genetic potential for prenatal growth; however, F X ewes do not permit W lambs to reach their potential birth weight, although C ewes do, or very nearly do so. The reduction of birth weights of Targhee lambs in F X recipients occurred in spite of the fact that Weigbt of Donor and Recipient Ewes. Several researchers have found birth weight to be affected by ewe body size (Hunter, 1956; Starke et al., 1958; Juma and Faraj, 1966; Bradford et al., 1974) . In the analysis of variance of observed birth weight, regression on donor weight was highly significant in Targhee transfers, but non-significant in Finn transfers. The effect of donor weight became nonsignificant in the analysis of deviated weight for Targhees and remained nonsignificant for Finns. It is concluded that the prediction equation (Formula 1) adequately removes variation due to donor weight.
In natural lambs, ewe weight (classified as recipient weight in the analyses) was a nonsignificant source of variation in observed birth weight for Targhees and highly significant for Finns (table 6 ). The variaiton due to recipient weight was removed in the analysis of deviations in natural Finn Iambs. Variation was introduced into the deviated analysis for Targhee natural lambs where recipient weight became highly significant (table 6) . A substantial part of this was due to an extremely heavy lamb (9.1 kg) from a ewe of below average mature weight.
Recipient weight was a highly significant source of variation in birth weights of Targhee transfer lambs. Weight of recipient was also significant in the analysis of deviations. Recipient weight was nonsignificant in the analysis of Finn transfer observed birth weights but was significant in the analysis of deviations.
The regression coefficients of observed birth weight on recipient and donor weight are presented in table 8. For the transfer lambs, weight of recipient ewe appeared to have more influence on birth weight than did donor ewe weight. However, this must be interpreted in the context that lambs of the two donor breeds were analysed separately, hut that within each analysis, recipients of two genotypes were included.
Gestation Length. An effect of gestation length on birth weight has been observed in several studies. Larger birth weights are usually associated with longer gestation periods (Hunter, 1956; Forbes, 1967; Mullaney and Lear, 1969; Thrift and Dutt, 1972; Matter, 1973 ). An interaction has been noted in transfer studies (Hunter, 1956; Dickinson et al., 1962; Moore, 1968) where large breed lambs in small ewes have shorter than normal gestation periods, with the opposite true for small breed lambs in large mothers.
The latter effect was observed to some extent in the present study, multiple Finn lambs in Targhee ewes having longer gestation periods and heavier birth weights than in their own maternal environment (table 5). The effect of gestation period on birth weight is evident from several comparisons in table 5. Observed birth weight was positively correlated with gestation periods for both breeds and type of mating, the correlation coefficient ranging from .27 in Finn transfers to .78 for Targhee transfer lambs.
Gestation length was a highly significant source of variation in birth weight for natural (table 8) . Gestation length remained a significant source of variation in the analysis of deviations, since the original Formula 1 did not include gestation length. Since regression on gestation length was a significant source of variation in birth weight in all analyses after adjustment for mature ewe weight and litter size, Formulae 2a and 2b were used to adjust for gestation length. Observed birth weight was adjusted and the same analysis of variance of adjusted observed and adjusted deviated weights as shown in table 6 was redone. This adjustment, using the average regression coefficient of 3% of birth weight per day, effectively removed variation due to gestation period; the gestation length mean square, which had been significant in all groups (table 6) became nonsignificant in all groups. The remaining effects (table 6) were relatively unchanged by this adjustment.
Observed and predicted birth weights were again compared following adjustment for gestation period. Agreement between the two was not improved for Targhee lambs from Finn cross ewes, which as pointed out previously were already lighter than expected. The agreement between observed and predicted weight was improved by adjustment in several other groups, in particular in the naturally mated Finns.
